Background/Aims: Thermal injury causes pulmonary edema and can lead to death. junctions and increases cell gaps to ultimately induce pulmonary edema, but the underlying mechanism remains elusive. Methods: Mouse lung epithelial (MLE-12) cells pre-treated with the c-Src inhibitor PP2, p120ctn catenin (p120ctn) small interfering RNA and p120ctn catenin (p120ctn) complementary DNA were subjected to heat treatment. Western blotting and realtime polymerase chain reaction assays were used to evaluate junction protein expression changes after heat treatment, and co-immunoprecipitation was used to test the binding state of junction proteins. In addition, hematoxylin and eosin staining and immunohistochemistry were used to evaluate changes in junction protein expression and lung injury in a Wistar rat model of thermal inhalation injury. Results: cell membranes. Heat also activated c-Src and decreased both p120ctn expression levels and reversed these effects and attenuated lung injury in vivo. Conclusion: Heat induces junction protein degradation and dissociation to increase membrane permeability and cause lung edema via c-Src kinase activation and p120ctn expression downregulation.
Heat-Induced Epithelial Barrier Dysfunction Occurs via C-Src Kinase and P120ctn Expression Regulation in the Lungs
Jie
Introduction
Heat is a major risk factor for lung damage in thermal inhalation injury, which is common in burn patients and can induce acute lung injury [1] . Thermal injury causes pulmonary edema, which can lead to acute respiratory distress syndrome, sepsis, multiorgan failure and even death [2] . Alveolar epithelial cells are the main barrier protecting the lungs from endogenous and exogenous damage. Heat causes cell junction deterioration and increases gaps between these cells, ultimately inducing pulmonary edema, which is the leading cause of mortality in thermal inhalation injury [3] . However, the mechanism through which heat destroys cell connections and leads to pulmonary dysfunction remains elusive. Treatments that maintain alveolar membrane integrity and pulmonary vascular permeability after heat exposure are crucial for patients with thermal inhalation injury [4] . Therefore, a detailed preventing and treating heat-induced lung injury.
responses induced by heat [5, 6] . Alveolar barrier function loss is a hallmark of severe lung injury because the junctions between endothelial and epithelial cells regulate paracellular destabilization of cell-cell contacts involved in maintaining endothelial barrier function can lead to increased endothelial permeability. This increase in endothelial permeability results surrounding tissues, thereby contributing to various diseases, such as stroke or pulmonary edema [8, 9] . The results of studies performed during the past three decades have shown that hyperthermia changes junction protein expression and increases paracellular permeability in in vitro culture models. The most direct indicator of permeability is cell connectivity, which is mediated by adherens junctions and tight junctions and plays an indispensable and key role in maintaining the integrity of the epithelial barrier. The main components of adherens are composed primarily of occludin and ZO-1 [10] . In epithelial cells, external stimuli, such member of the Src family, which is involved in intracellular signal transduction [12] . Studies have shown that PL20 is a c-Src kinase substrate that contributes to the degradation and synthesis of tight junction proteins. c-Src kinase activation can initiate p120ctn degradation to disrupt alveolar epithelial barrier integrity in ventilator-induced lung injury [12] . However, the functions of c-Src and p120ctn in thermal inhalation injury require further research.
In the present study, we hypothesized that heat degrades membrane integrity and induces c-Src activation to cause p120ctn degradation, which disturbs cell protein junctions and reduces the association of occludin and ZO-1, thus causing cause alveolar epithelial barrier dysfunction and pulmonary hyperpermeability. and a 1-cm catheter was inserted into the trachea; preheated dry air was blown through the catheter into 190 L/min for a total of 10 min with 1 min intervals in between each minute of heat inhalation. The air was body weight) was injected intraperitoneally to relieve pain.
Western blotting
dodecyl sulfate gel electrophoresis and transferred as previously described. Membrane strips were blocked blocking buffer), the membranes were washed three times, incubated with an enhanced chemiluminescence experiments were performed in triplicate.
Immunoprecipitation were centrifuged at 13, 000 × g for 5 min. After the supernatants were collected, a primary antibody was sulfate gel sample buffer. The samples were analyzed using the western blotting protocol.
p120ctn small interfering RNA (siRNA) and p120ctn complementary DNA (cDNA) transfection transfection, the cells were used for the experiments.
To overexpress p120ctn in vivo, we injected liposome-based vectors into the retinal vein plexus for cell culture conditions. After 2 days, we measured E-cadherin expression levels in the cell membrane and established the inhalation injury model. In some experiments, the animals were intravenously administered 
Results

Decreased junction protein expression levels and increased paracellular permeability in lung epithelial cells after heat treatment
in these parameters were observed at time points 0 h and 12 h after heat treatment. However, the paracellular permeability was increased on days 1 and 3. To further evaluate the damage to junction proteins caused by heat exposure, we assessed the expression levels of ZO-1, occludin, epithelial cells after heat treatment.
that the levels of these factors were decreased on days 1 and 3 after heat the protein expression levels were also decreased on days 1 and 3 cell membrane and cytoplasmic proteins to examine the effect of heat on E-cadherin distribution. On days 1 and 3, the E-cadherin levels in the cell membrane were decreased in the cytoplasm were increased compared with those in the control
Decrease in junction protein binding in heat-treated lung epithelial cells
are critical for maintaining cell permeability. To further explore the mechanism through which heat affects junction proteins, we analyzed the binding states of junction proteins with coimmunoprecipitation. As shown in E-cadherin was decreased on days 1 and 3 after heat treatment. Similarly, occludin and ZO-1 protein binding was reduced. These results indicate that the heat treatment negatively affected the junction binding states 
Involvement of p120ctn and c-Src in heat-induced junction protein degradation
that p120ctn/c-Src regulated the junction protein changes after heat treatment, and p120ctn
Effect of p120ctn on E-cadherin distribution and junction protein binding in vitro
expression levels in the cell membrane. However, the expression levels in the cytoplasm were E-cadherin expression levels in the cell membrane and cytoplasm decreased and increased, in the cell membrane, and heat can decrease P120ctn to cause E-cadherin departure from the We also performed coimmunoprecipitation analyses to examine junction protein the degradation of occludin was group, and the results of the coimmunoprecipitation analyses transfection further reduced the association of ZO-1 and overexpression of p120ctn reduced the degradation of occludin and increased the association of ZO-1 and occludin.
Heat treatment decreased junction protein expression levels and increased paracellular permeability in vivo
in vitro, we investigated the effect of heat on lung injury in vivo. The W/D weight ratio of lung tissue was used to quantify pulmonary edema. After thermal inhalation injury, the W/D weight ratios were increased on days 3 and 5, which means that pulmonary edema occurred In lung epithelial cells and the lung barrier, heat stress can induce lung intercellular junction degradation and increase lung permeability [2, 18, 24] . Some studies of intestinal cells have found that after heat treatment, junction protein expression levels increase initially and then decrease dramatically approximately 12 h after treatment. However, we observed no change in junction protein expression immediately after heat treatment; instead, we found a dramatic decrease on day 1 in the in vitro model and on day 2 in the in vivo model [25] . This difference may be attributed to differences in the cell lines used and the organs is consistent with our results.
epithelial membrane integrity and permeability [26] . In particular, tight junctions are located on the outside of pulmonary capillary endothelial and epithelial cells and are composed and occludins; these junctions seal epithelial barriers to maintain pulmonary vascular both non-PDZ and PDZ domains [29] . Although more proteins are present, the major types are ZO-1 and the occludins, which can bind to the actin component of the cytoskeleton. Thus, occludin and ZO-1 are always used as the major makers for tight junctions [30] . Mark et al. found that the downregulation or redistribution of occludin and ZO-1 in intestinal epithelial cells impaired the function of the intestinal epithelial barrier, causing malabsorption and diarrhea [26, 31] . Adherens junctions depend on the associations of p120ctn, E-cadherin, related to lung tissue permeability in thermal inhalation injury. Therefore, we measured ZOoccludin and ZO-1 expression levels were decreased in thermal inhalation injury, reaching their lowest levels 2 days after injury; these decreases induced lung tissue permeability. These changes correlated with changes in lung tissue permeability, which suggests that structural abnormalities in junction proteins were responsible for the lung damage.
p120ctn plays a key role in lung injury induced by mechanical ventilation [12, 35] . It is expressed at high levels in pulmonary vascular endothelial cells, lung epithelial cells, E-cadherin to maintain intercellular adhesion junction stability. E-cadherin facilitates the assembly of specialized cellular junctions required to organize epithelial cells into a membrane integrity and decrease cell junction protein expression, further increasing pulmonary vascular permeability [36] . The results of our study showed that heat treatment disrupted the association of p120ctn and E-cadherin. We also found that intercellular junction endocytosis and degradation were enhanced after p120ctn depletion both in vitro and in vivo occludin and ZO-1 under normal conditions. After heat treatment, p120ctn overexpression reversed the heat-induced downregulation of occludin and ZO-1 association. In vivo, p120ctn overexpression decreased the lung W/D weight ratio and reversed the intercellular junction in vitro perform a study of this nature in vivo in humans, a new technique is required to improve the applicability of this research to human patients. Second, Ley and Arfors developed a protocol changes in microvascular leakage in intact tissues. This technique could be used for further studies in vivo [39] . Third, temperature is likely a core factor in compromised lung barrier function, which leads to lung edema. However, the mechanism through which heat affects as endotoxemia and the innate immune dysfunction of the mitochondria or endoplasmic reticulum [5, 40] , which may become a network pathway between cells. Additional research devised to monitor changes in gene expression in the injured skin from 45 burn patients compared to normal skin from 15 healthy patients. According to a global gene microarray analysis of cutaneous burn wounds, there was a dataset of 1136 upregulated genes and 1003 also present a global characterization of genes and proteins related to the lung response to [42] . A global gene microarray analysis was also needed for the epithelia after the heat treatment.
and lung edema by activating c-Src kinase, which in turn downregulates p120ctn expression. This study may provide potential targets for the development of new drugs that can protect lung function from further damage in thermal injury.
